ABSTRACT Saline/air, blood/air, olive oil/air, and tissue/air (lung, kidney, liver, brain, muscle, heart, and fat) partition coefficients were determined for nine aliphatic hydrocarbons: n-pentane, 2,2-dimethylbutane, 3-methylpentane, 2-methylpentane, methylcyclopentane, n-hexane, cyclohexane, 3-methylhexane, and n-heptane. Blood/air partition coefficients were found to range between 0-38 (n-pentane) and 1*9 (n-heptane) and the value of the tissue/air partition coefficients rose from n-pentane to n-heptane. The tissue/air partition coefficients were significantly correlated with the blood/air partition coefficients (r = 0.92-0.98). According to the slope of the regression lines, the mean solubility of the nine aliphatic hydrocarbons in the different tissues was higher than in blood by the factors: lung 1-4 (range 1-2-2-.1), heart 3.9 (range 0-5-4-5), liver 5-6 (range 5.5-13.5), kidney 5-2 (range 1.6-5.8), brain 6*5 (range 5-8-10.7), muscle 7*6 (range 1.8-8.8), and fat 205 (range 104-254). The blood/air and olive oil/air partition coefficients were significantly correlated with the boiling points and the molecular weights of the aliphatic hydrocarbons studied.
The uptake and distribution of industrial solvents are important in the understanding of their pharmacokinetics, body burden, and physiopathological effects. A knowledge of the blood/air and tissue/ blood partition coefficients of these solvents will give some insight into the rate of pulmonary exchange and tissue kinetics. For a few products (cycloproprane, chloroform, diethyl ether, ethyl chloride, trichloroethylene) which in the past were used as anaesthetics, the solubility in blood and in the most important tissues have been reported.'2 On the other hand, for most compounds used as solvents in industry and in the home, although the solubility in water and in other solvents can be found in reports the solubility in blood or body tissues cannot, although the solubility of a few aromatic hydrocarbons, ketones, alcohols, and halogenated hydrocarbons in the blood and in olive oil has recently been studied.37
We report on the findings of a study of the solubility of nine aliphatic hydrocarbons in blood, saline, olive oil, and in the most important human tissueslung, liver, kidney, fat, brain, heart, and muscle. We Received 23 February 1984 Accepted 2 April 1984 also discuss relations between the partition coefficient of these solvents and their physical properties.
Materiais and methods
The following solvents were used: n-pentane, 2,2-dimethylbutane, 2-methylpentane, 3-methylpentane, n-hexane, cyclohexane, methylcyclopentane, 3-methylhexane, and n-heptane. All were obtained from C Erba (Milan) and were more than 98% pure.
Human tissues (lung, kidney, heart, brain, liver, muscle, and fat) were collected from two men who had died suddenly from a heart attack when aged 30 and 40 respectively. No histological abnormalities were found in the tissues used. The individual tissues were homogenised in saline and frozen at -75°C until the experiments. Stored human blood was obtained from a hospital blood bank.
The solubility of the solvents in saline, blood, olive oil, and homogenated tissues was determined according to the method described by Sato and Nakajima4 with minor modifications. Five samples of 2 ml of each homogenised tissue were put in to test tubes of 11-6 ml capacity. We added 10-20 ,ug of each solvent (corresponding to 20-40 ,Ag/ml of tissue) to the test tubes containing 2 ml of homogen-Partition coefficients ofsome industrial aliphatic hydrocarbons The blood/air and olive oil/air partition coefficients reported here are the arithmetical mean of 10 samples, whereas the tissue/air partition coefficients are the mean of five samples. The best fit of the linear and exponential regression lines was calculated by the method of least squares.
Results
The table shows the solubility of the aliphatic hydrocarbons in blood, olive oil, and tissues. The solubility in saline was low, with a partition coefficient in the range 0 1 to 0-4 for all nine compounds studied. The solubility was greatest in olive oil partition coefficients ranging from 47 (pentane) to 452 (nheptane). As may be seen from the table, the blood/air partition coefficient is 0-38 for pentane and rises to 0-8 for n-hexane, to 1-3 for cyclohexane, and to 1 9 for n-heptane. In the tissues the solubility of the individual hydrocarbons follows a similar trend to that in the blood, being lowest in pentane to n-hexane, cyclohexane, and greatest in n-heptane (table, fig 1) . The solubility of the solvents shows a gradual gradient from blood to liver, but increases steeply from liver to fatty tissues (fig 1) .
In figs 2-8 the solubility in blood (blood/air partition coefficient) has been compared with the solubility in the tissues (tissues/air partition coefficient) and it may be seen that the two are significantly correlated for all nine hydrocarbons considered together (r between 0*92 and 0.98). From the slope of the graphs it can be determined that the mean solubility of these solvents in the heart, lung, liver, kidney, brain, muscle, and fat is 3 9 (range 0-5-4.5), 1.4 (range 1.2-2), 5 6 (range 5.5-13.5), 5 2 (range 1-6-5.8), 6-5 (range 5.8-10-7), 7-6 (range 1- 8-8-8) , and 205 (range 104-253) times that in the blood respectively.
The solubility of the hydrocarbons in fat was 104-253 times that in the blood and was similar to the solubility in olive oil (123-273 times the solubility in blood). The olive oil/air partition coefficients (y) and the blood/air partition coefficients (x) were significantly correlated (y = 244 x -12; r = 0-99; n = 9; p < 0 001).
The solubility of the solvents in blood, olive oil, and in the other tissues increased exponentially according to the increase in the boiling point of the individual hydrocarbons. The exponential correlaOlive oil/air, blood/air, and tissues/air partition coefficients ofthe C5-C7 The tissue solubility of the hydrocarbons was always higher than in blood, for any tissues studied. With the exception of fat solubility which was 104-253 times that of blood, the solubility in other tissues was, on average, between 1-4 and 7-6 times the blood solubility.
The lowest tissue/blood partition coefficient was found for lung tissue (1-4 range 1.2-2.3) and the highest was for muscle (7.6, range 1.8-8.7). Eger reported that the tissue solubility of inhaled anaesthetics ranged between one and four times the solubility in blood, except for fat solubility. ' It is interesting to note that kidney/blood, muscle/blood, liver/blood, and brain/blood partition Perbellini, Brugnone, Caretta, and Maranelli other anaesthetics in the brain is similar to that in the other tissues.' 2 Our study has also shown that the solubility of some hydrocarbons in blood and in olive oil was directly correlated with their boiling points according to an exponential curve (fig 9) . A linear correlation was found between solubility and molecular weight (fig 10) . We have also examined data on the solubility of aromatic hydrocarbons, ketones, and chlorinated hydrocarbons in water, blood, and olive oil reported by Sato and Nakajima.4' By contrast with these authors, we found a good correlation between the solubility of hydrocarbons in olive oil and their boiling points. Figure 11 shows the exponential correlation between the boiling points and the solubility in olive oil for the hydrocarbons studied by us and for those studied by Sato and Nakajima.45 With the exception of the ketones an exponential correlation was found between blood s aromatic, aliphatic, and chlo and their boiling points (X) () r = 0-59; n = 39; p < 0-001)
